The taxonomy of Armillaria in southern South America has received little attention since the work of Singer and others. In this study we examine the morphological traits and cultural features for taxa representing the lineages revealed based on molecular phylogeny, and we link them to previously described taxa based on morphology. Lineages I-IV were identified as Armillaria novae-zelandiae, A. montagnei, A. umbrinobrunnea comb. nov. and A. sparrei respectively. They could be differentiated morphologically based on dimension, features of the epicutis, annulus, stipe, hymenophoral trama and flavor and characteristics in culture. Furthermore there was no evidence of host preference for the species recognized. This is the first study integrating the phylogeny and morphology of Armillaria species from Patagonia, and it provides a foundation for future research on these fungi in South America.
INTRODUCTION
Armillaria (Fr. : Fr.) Staude (Tricholomataceae, Agaricales, Basidiomycota) species are important components of forest ecosystems worldwide, where they survive as pathogens or saprotrophs. Some species are pathogens of forestry crops and others damage native forests (Hood et al. 1991 . In temperate, native forests of the Patagonian Andes including Argentina and Chile Armillaria spp. have been reported from dead wood and stumps of Nothofagus Blume (Singer 1953 (Singer , 1969 Horak 1979; Garrido 1988 ) and also have been reported causing root disease in plantations of several exotic Pinus species used for commercial timber production (Ramírez et al. 1990) .
At least 37 species are recognized in Armillaria (Volk and Burdsall 1995, Lima et al. 2008) . Of these 11 species have been reported from South America (TABLE I) . While the taxonomy and systematics are relatively well elucidated for the species from the northern hemisphere and South Africa, Australia and New Zealand, little is known regarding the taxonomy of the South American taxa. In addition to the work of Spegazzini (1889) and Singer (1953 Singer ( , 1956 Singer ( , 1969 Singer ( , 1970 Singer ( , 1989 few reports pertain to the taxonomy of Armillaria species from this continent.
Armillaria is a genus easily recognized by its caespitose habit, annulus and honey-colored basidiocarps. However it is extremely difficult to identify some species due to the lack of morphological apomorphies (Watling et al. 1991 , Pegler 2000 . In addition basidiocarps often are not available to differentiate species, which further complicates the taxonomy of Armillaria (Harrington and Wingfield 1995) . In this regard Armillaria provides a clear example of a genus where a phylogenetic approach can contribute significantly to its taxonomy. Phylogenetic methods have made it possible to differentiate lineages of the genus in southern Argentina (Pildain et al. 2009 ). Lineages I and II grouped respectively with A. novae-zelandiae and A. luteobubalina. Lineages III and IV represented unique taxa that were closely related to A. hinnulea Kile & Watling, Armillaria 4th species from New Zealand (established by Coetzee et al. 2001) and Armillaria Group III from Kenya (Mwenje et al. 2006) . Once the lineages had been determined we focused on the recognition of morphological characters to describe the taxa. The aim of this study consequently was to characterize the morphology of sporocarps linked to the four DNA-based phylogenetic lineages.
MATERIALS AND METHODS
Study area and isolates.-A total of 57 Armillaria specimens were collected in protected areas of native Nothofagusdominated forests from continental Patagonia, Argentina, in Chubut, Río Negro and Neuquén provinces. A few additional collections were made in Pseudotsuga menziesii (Mir.) Franco and Pinus radiata D. Don plantations in the TABLE I. Armillaria species described and reported from South America (reference to Armillaria taxa as A. mellea not included) ecotone between Andean forests and Patagonian steppe. Thirty-two isolates that were used in the phylogenetic study of Pildain et al. (2009) were included for reference purposes, and the previous study also provided a map of collection sites.
Study of materials.-Most specimens were photographed in situ or in the laboratory while fresh. Conspicuous macroscopic features (i.e. flavor, size of the structures, pileus color, texture, annulus features, stipe morphology and color, color and form of the gills) of the basidiomes were annotated and/or measured. Spore prints were obtained on glass or acetate slides and kept for measurement and statistical treatment of spore dimensions. Colors were characterized with the reference charts of Munsell (1990) . Fifty-eight polyspore isolates were obtained from fresh spore prints and maintained on 2% MEA. Specimens were dried overnight and kept at the Pathology Herbarium, Centro Forestal CIEFAP, for microscopic examination. Representative specimens of each species also were deposited at BAFC. Reference material and type specimens were obtained from herbaria LIL, BAFC, K, DAR and PDD (acronyms following Holmgren et al. 1990 ) and examined. Specimens from FRI were not available for this study. Microscopic features, such as spore shape and size, anatomy of the gills trama, hyphal septation, cystidia and basidia, were measured.
Culture studies.-Two methods were used to characterize the culture morphology of the isolates growing in 90 mm diam Petri dishes. Isolates were grown on 3% MEA for 21 d at 23 C with a 24 h photoperiod provided by cool, white fluorescent tubes (Hood and Sandberg 1987) . Isolates also were grown on dextrose (2%) malt (3%) peptone (0.5%) agar (1.9%) medium 15 d at 25 C in the dark (Shaw et al. 1981) . After 3 wk the rhizomorphs were characterized based on morphology, including the aspect of the aerial mat, rhizomorph surface features, type of branching, presence and color of the mycelium, growth speed, anticlinal vs. periclinal ending of the tips and number of tips per quadrant in a Petri dish.
RESULTS
Basidiome morphology.-A number of morphological characters of the basidiomes were found that are diagnostic for the four phylogenetic lineages for Armillaria spp. from Argentina (TABLE II). The main features that distinguished Lineage I were the olivaceous pileus surfaces coupled with basidiospores shorter than 9 mm. The species representing Lineage II produced medium to large basidiocarps with incurved pilei and a thick annulus with squamules. Those of Lineage III had strongly astringent basidiomes with intensively squamulose pilei. The species representing Lineage IV was characterized by bulbose stipes and large basidiocarps with a viscid pileus surface.
Characteristics in culture.-Isolates representing the lineages could be distinguished from each other based on their growth, morphology of the mycelial mats, morphology and branching patterns of the rhizomorphs and growth rate (TABLE II) . The preferred medium from culture observation was dextrose-malt-peptone-agar medium. The colonies of Lineage I isolates had a brown crustose mycelium at the center of inoculum plug, which was surrounded by fluffy white surface mycelium (FIG. 1A) . Rhizomorphs were cylindrical, with dichotomous branches at their tips and smooth, narrow, mycelial sheaths, similar to characteristics described for A. novaezelandiae (Shaw et al. 1981) . Anticlinal aerial endings of the rhizomorphs were present. The isolates covered the Petri dishes in 4-5 wk (FIG. 1A) .
Lineage II strains developed a cottony surface mycelium with abundant dark chestnut, crustaceous areas. Rhizomorphs were applanate in section, with a crêpe-like (accordion-like) morphology, similar to that described for A. luteobubalina (Podger et al. 1978) . Branching of the rhizomorphs was irregular and distant, with a wide, surrounding mycelial sheath. An average of six rhizomorph tips per quadrant were recorded. Isolates in this lineage grew fastest, covering the surface of a Petri dish in 3 wk (FIG. 1B) .
The culture morphology of isolates belonging to Lineage III was similar to that of isolates in Lineage II but with smaller amounts of brown crustose mycelium. Rhizomorphs were cylindrical or applanate, smooth, branched but not strictly dichotomous, and had a narrow mycelial sheath. Anticlinal aerial endings of rhizomorphs were present, and 15 rhizomorph tips per quadrant were recorded. Mycelial growth covered the Petri dish in 4-5 wk (FIG. 1C) .
Lineage IV strains developed a mat-like morphology similar to those in Lineage II but with brown liquid droplets on the surface. Rhizomorphs were applanate, smooth, heavily branched, and they had a narrow and unabundant mycelial sheath. Nineteen rhizomorph tips per quadrant were recorded. Lineage IV strains had the slowest growth, covering 50% of the Petri dish in 4 wk (FIG. 1D) .
For strains belonging to lineages I and II, taxa having culturally consistent features were available (see above). However for strains in lineages III and IV, which corresponded to taxa restricted to Patagonia (see below), no references and no other literature from the southern hemisphere was available with which they could be compared.
The gross morphological characteristics of the basidiomes and those of the cultures for these fungi reflect four distinct taxa in Armillaria that are consistent with the four phylogenetic lineages emerging from DNA sequence comparisons. These four species are A. novae-zelandiae, A. montagnei, A. (6)7-8.5(10) 3 (4.5)5-6.5(7) mm Long, $ 9 mm.
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(7)8.5-11(12) 3 In Patagonia this species is characterized by small to medium size basidiomes, 20-60 mm diam., with cylindrical and robust stipes and mild flavor when fresh (FIG. 2A, B) . The pileus surface is dry, light olivaceous-gray (5Y6/2) at the center and olive brown (2.5Y4/3) at the margin, with abundant to scarce pubescence. The annulus is inconspicuous, membranaceous and when dried torn up and vestigial, without forming squamules below the surface. Lamellae are subdecurrent, with lines running down in the apex of the stipe, white to pallid, with lamellulae. Basidia are 2-4-spored, 35.5-39(-46) 3 8-9(-10) mm; cheilocystidia are predominantly clavate; basidiospores (6-)7-8.5(-10) 3 (4.5-)5-6.5(-7) mm. The trama is made up of divergent to subdivergent hyphae.
Specimens examined. Commentary. The combination of an olivaceousgray pileus, which persists after drying, and spores smaller than 9 mm long are diagnostic for this taxon vis-à-vis other Armillaria specimens found in Patagonia. The holotype from New Zealand differs from the Patagonian collections in having a distinct bulbose and darkened base, but this feature seems variable because it was not found in all specimens studied (except Arg57), including the reference material (see above).
Armillariella sparrei var. elaeodes was found to be morphologically similar to A. novae-zelandiae, and we consider the species as synonyms. The former species was referred to Armillaria sp. A by Singer (1970) who grouped it with A. novaezelandiae. Strains of A. novaezelandiae from Patagonia were included in the ''novae-zelandiae clade'' by Pildain et al. (2009) as Lineage I. This clade had substructure with four subclades, each corresponding to geographically different areas. Strains from Patagonia grouped together and apart from those of other geographic regions in a well supported clade, suggesting the possibility that they represent a distinct taxon. However, based on morphology (olivaceous-gray pileus, spores smaller than 9 mm long), they are similar to specimens from New Zealand and additional evidence is necessary before describing new species in this group. Basidiocarps astringent, medium to large, 40-81 mm diam, with an umbonate pileus and a cylindrical and robust stipe. Pileus surface dry, nonviscid, dark brown to olive melleous (7.5YR4/4-10YR4/6), with a lime zone in the middle (10YR7/4), pileus covered with abundant, small squamules, becoming smooth with age with fewer squamules, beige toward the margin, which is striated (FIG. 2C, D) . Annulus thick, persistent, developing brown squamules underneath. Lamellae subdecurrent with lines running down from the apex of the stipe, white to pallid, with lamellulae. Basidia 2-4-spored, 37-41(-46) 3 6-7(-8) mm; cheilocystidia clavate; basidiospores (8-)9.5-11(-12) 3 (5-) 5.5-7(-8.5) mm, with a Q (L 2 W) $ 3. Dissepiments are regular, with a lacunar appearance.
Specimens examined. ARGENTINA. CHUBUT: Los
Commentary. This species is characterized by astringent basidiomes, with pilei heavily covered with squamules and the thick annulus covered by squamules, different from those of other taxa from the area. The spores' Q value is higher than that of the other species from Patagonia. The specimens studied were similar to those of the original description (Singer 1956 ) and those reported by Wright and Deschamps (1972) , Horak (1979) , Valenzuela (1993) and Garrido (1988) . The type material at LIL appears to have been lost, and a neotype for this species must be selected. We herein designate specimen BAFC51662 as the neotype for A. montagnei; other than presenting the typical morphological features of the species, its culture is kept in the CIEFAP and CMW culture collection and its ITS and LSU rDNA regions were incorporated in phylogenetic studies (Pildain et al. 2009 ). Specimens of A. luteobubalina from New Zealand and Australia (Podger et al. 1978 ) differed from A. montagnei in this study by having smaller spores, 6.5-7.5 3 4.5-5.5 mm (A. montagnei: 9.5-11 3 5.5-7 mm).
Strains of A. montagnei were treated in the ''luteobubalina clade'' by Pildain et al. (2009) as Lineage II. This clade had a substructure with two clades that corresponded to geographically different areas, one from Australia the other from southern Argentina. Both subclades are well supported, suggesting that they represent different taxa. We support the distinction of two taxa based on the correlation between phylogenetic and morphological data, principally differences in spore size. Also field observations and unpublished experimental data have shown that the Patagonian A. montagnei is not typically recovered from hosts showing severe symptoms of root disease as is known for A. luteobubalina (Podger et al. 1978) . It is relevant that the description of A. montagnei predates that of A. luteobubalina; A. montagnei thus would have priority if all isolates in the clade were to be treated as a single species (Singer 1956 , Podger et al. 1978 . Basidiome flavor strongly sharp and acidic, small to medium size, 15-50 mm diam. Pileus surface beige to light brown (10YR8/3-4) when fresh, and with a dark (10YR3/4), umbrinous (7.5YR4/3) center, characterized by the presence of abundant, relatively large and dense squamules that are homogeneously scattered in the pileus, lacking any pubescence; margin striate. Stipes cylindrical, subbulbose at the base, with a well formed annulus that is membranaceous and becomes vestigial after drying, but with brown squamules underneath (FIG. 2E, F) . Lamellae subdecurrent with lines running down the apex of the stipe, white to pallid, with lamellulae. Basidia 38-42(-47) 3 7.5-8 (-9) mm, cheilocystidia clavate, basidiospores (7-)9-11(-13) 3 (5-)5-6.5(-7) mm, with a Q # 2. Trama regular, lacunar (barrel-shape cells) in the middle and eventually hyphal (but never divergent) toward the subhymenium. Squamules formed by hyphae up to 20 mm diam.
Specimens examined. ARGENTINA. CHUBUT: Futa-
Commentary. This is a well characterized taxon within the Armillaria complex in southern Argentina, characterized by the abundance and persistence of squamules on the pileus surface. It corresponds morphologically to variety ''umbrinobrunnea'' described by Singer (1956) ; it is a name that has not been reconsidered since its description (cf. Volk and Burdsall 1995) . Specimens in this study were identical to the holotype at LIL, and the species corresponds to Lineage III in Pildain et al. (2009) . The synonymy of A. montagnei var. umbrinobrunnea with A. ostoyae (Romagnesi) Herink proposed by Garrido (1985) and Watling et al. (1991, under umbrinolutea) appears not to be based on the proper study of types and/or reference material. Also the phylogenetic studies did not show any relationship among A. umbrinobrunnea isolates and taxa from the northern hemisphere.
Armillaria sparrei (Singer) Basidiocarps mild when fresh, becoming sharp and acidic with time, of variable size from medium to large, 35-100 mm diam, rarely smaller. Pileus surface beige to light brown (10YR8/3-4) at the center to reddish-light brown at the margin (5YR5/4-7.5YR6/ 3), viscid, with few to many squamules at the center, but never abundant, that disappear with age. Stipe long and stylized, distinctly bulbose at the base; annulus poorly developed, membranaceous, becoming turned up or vestigial after drying, not developing squamules in its lower face (FIG. 2G, H) . Basidia 38-43(-55) 3 8-9(-10) mm; cheilocystidia clavate; basidiospores (7-)8.5-11(-12) 3 (4-)5-6.5(-7) mm, with a Q # 2. The trama is hyphal, divergent to subdivergent.
Specimens examined. Commentary. Both Singer (1956) and Valenzuela (1993) described the pileus surface as of variable color, including olive in some cases, but we could not confirm the latter characteristic. A. sparrei was the most widely distributed Armillaria species in Patagonia. Although the type specimen has seemingly been lost, the species concept applied here is consistent with other authenticated material collected by Singer. We herein designate specimen M514 (LIL) as neotype of the species, this collection being among the paratypes designated by Singer (1956) and presenting the morphological features of the species. Among the more recently collected specimens BAFC 51665 and BAFC 51666 provide acceptable representatives of the taxon; cultures have been maintained in CIEFAP and CMW culture collections. In addition the ITS and LSU rDNA sequence data were incorporated in phylogenetic studies (Pildain et al. 2009 ).
Armillaria sparrei was the name applied to Lineage IV in the phylogenetic study by Pildain et al. (2009) Results of this study revealed the morphological characteristics and confirmed the identity of four phylogenetic lineages (Pildain et al. 2009 ) of Armillaria from continental Patagonia forests and timber plantations. Through the study of types, morphology of the basidiomes and characters of the fungi in culture, it was possible to link phenotypic characters of the species involved to the phylogenetic lineages. Morphological evidence was consistent with the phylogenetic lineages, confirming that lineages I-IV represent A. novae-zelandiae, A. montagnei, A. umbrinobrunnea and A. sparrei respectively.
based on morphological characters (Singer 1970) .
Results of this study of collections from Patagonia have shown that the placement of some southern hemisphere Armillaria taxa might be questioned. Species native to Patagonia, such as the recognized A. novae-zelandiae and A. luteobubalina, can act as saprophytes but may become virulent pathogens when the native forest is replaced by introduced crops such as Pinus, Eucalyptus and vineyards, as has occurred in Chile (Artigas 1984 , Ramírez 1990 , Ramírez et al. 1992 ). It therefore is important to have a clear understanding of the species that are present to prevent the development of undesireable pathogen outbreaks. Further studies of Armillaria in South America need to progressively incorporate fresh specimens and strains from other areas, notably from the Neotropics, including the revision of type specimens, morphological, cultural, pathological and compatibility studies, as well as DNA sequence comparisons. Such studies will contribute to further resolving the relationships and taxonomy of Armillaria spp. in South America.
